In research on cradling, the leftward cradling bias has been observed in the context of holding infants ranging in age from birth to 18 months. Mothers' expression of emotion and their control of infant emotion may influence cradling preference (e.g. Weiland & Sperber, 1970) . Research on the pitch of child-directed speech has found that mothers express their emotions to pre-verbal infants by using different pitch (F 0 ). Specifically, they use different pitch depending on whether they are conveying to their pre-verbal infants messages encouraging attention or soothing the infant. Following these findings the present study tested the hypothesis that mothers cradling on the right in comparison with mothers cradling on the left will speak with a higher mean pitch to attract their infants' attention. It was found that mothers (N = 13) cradling right (mean pitch = 221.11 Hz; mean amplitude = 55.78 dB) compared with mothers (N = 18) cradling left (mean pitch = 171.33 Hz; mean amplitude = 49.20 dB) spoke with a higher pitch and amplitude. Furthermore, a comparison of mean pitch and amplitude of those mothers (N = 14) who cradled both right and left showed that the same mothers spoke with a higher pitch and amplitude when cradling right (mean pitch = 234.62 Hz; mean amplitude = 53.20 dB) in comparison with cradling left (mean pitch = 179.86 Hz; mean amplitude = 48.87 dB).
In research on cradling, the leftward cradling bias has been observed in the context of holding infants ranging in age from birth to 18 months. Mothers' expression of emotion and their control of infant emotion may influence cradling preference (e.g. Weiland & Sperber, 1970) . Research on the pitch of child-directed speech has found that mothers express their emotions to pre-verbal infants by using different pitch (F 0 ). Specifically, they use different pitch depending on whether they are conveying to their pre-verbal infants messages encouraging attention or soothing the infant. Following these findings the present study tested the hypothesis that mothers cradling on the right in comparison with mothers cradling on the left will speak with a higher mean pitch to attract their infants' attention. It was found that mothers (N = 13) cradling right (mean pitch = 221.11 Hz; mean amplitude = 55.78 dB) compared with mothers (N = 18) cradling left (mean pitch = 171.33 Hz; mean amplitude = 49.20 dB) spoke with a higher pitch and amplitude. Furthermore, a comparison of mean pitch and amplitude of those mothers (N = 14) who cradled both right and left showed that the same mothers spoke with a higher pitch and amplitude when cradling right (mean pitch = 234.62 Hz; mean amplitude = 53.20 dB) in comparison with cradling left (mean pitch = 179.86 Hz; mean amplitude = 48.87 dB).
Numerous studies have shown that 60-80% of women cradle their infants to the left irrespective of whether they are right-or left-handed (e.g. Bogren, 1984; De Chateau & Anderson, 1976; Ginsburg, Fling, Hope, Musgrove, & Andrews, 1979; Lucas, Turnbull, & Kaplan-Solms, 1993; Manning & Chamberlain, 1991; Saling & Cooke, 1984; Salk, 1970 Salk, , 1973 Souza-Godeli, 1996; Weiland & Sperber, 1970) . As yet, however, there is no generally accepted explanation of this bias. Maternal expression of emotion and their control of infant emotion are suggested as one possible factor influencing cradling preference (Weiland & Sperber, 1970; Sieratzki & Woll, 1996) . For example, mothers might hold their infants preferentially to the left because of the soothing function of the heartbeat (Salk, 1973) or because of 'the flow of affective information from the infant via the left ear and eye to the center for emotional decoding, that is the right hemisphere of the mother' (Manning et al., 1997, p. 327) . However, others suggest that it is not the sound of the heartbeat in particular that soothes the infant (Todd & Butterworth, 1998) , but low sound frequencies in general (e.g. Bench, 1969; Birns, Blank, Bridger, & Escalona, 1965; Watterson & Riccillo, 1983) .
Research shows that the maternal voice, rather than the maternal heartbeat, is the sound most preferred by neonates (e.g. De Casper & Fifer, 1980; Fifer & Moon, 1994) . The voice expresses emotional states either in response to the infant's state or in order to express the adult's emotions to the pre-verbal infant (Papousek, Papousek, & Symmes, 1991) . 'Melodic contours are used without the parent's conscious awareness or control, as preadapted responses to . . . infant cues' (Papousek, 1992, p. 245) .
Child-directed language has been analysed in terms of pragmatic or social interactive functions (Snow, 1994) , with special attention to the prosodic forms that often express these functions. Prosody consists of variations in the pitch, length and loudness of utterances. Their corresponding acoustic correlates are the fundamental frequency (F 0 ), timing, and amplitude of the signal (Cruttenden, 1986; Lehiste, 1970) , respectively. A number of studies indicate that features of this kind in speech directed to infants can carry affective information. For example, Papousek (1992) suggested that prosody can signal 'rewarding', 'discouraging' and 'soothing' contexts. When trying to encourage attention, mothers were found to use a higher fundamental frequency than when they were soothing a distressed infant (Papousek, Papousek, & Symmes, 1991) . Specifically, researchers (e.g. Fernald, 1992; Papousek, 1992; Reissland & Snow, 1996) have found that when the mother intends to arouse her infant's attention, she speaks with a higher fundamental frequency and rising pitch. In contrast, Fernald (1992) found that when the maternal intention is to soothe the infant she speaks with a low, sustained pitch. In sum, in the area of mother-infant vocal interaction, it has been established that mothers vary the pitch of their child-directed language, depending on whether their intention is to arouse the infants' attention or to calm a distressed infant.
Although most women cradle to the left, there is a proportion of women who have been observed to cradle to the right side. This proportion varies from 10% to 40% of the samples observed (Harris & Fitzgerald, 1985) . A mother may not be consistent in the side she cradles, rather according to the situation, she might cradle either right or left. While mothers may predominantly cradle to the right when they want to engage their infants' attention they might cradle to the left in order to soothe their infants. If this is the case, then one might expect that maternal pitch would be higher when cradling the infant on the right compared with cradling her infant on the left. If cradling side varies with the mother's intention, albeit unconscious or intuitive, then one might expect that mothers holding their infant on the right compared with mothers holding their infant on the left would use a higher pitch when speaking with their baby.
The purpose of the present study was to test the hypothesis that mothers' mean pitch of child-directed speech varies with the side she holds her child. Mothers and infants were observed in a play situation in which spontaneously both right and left cradling occurred, namely during free play with a soft toy. The aim of the present study was to establish whether the pitch of maternal utterances varied depending on cradling side.
Method

Participants
Forty-five mothers and their infants (mean age = 7 months; range: 3-12 months; 23 boys and 22 girls) were video and audiotaped in their homes while playing with a soft toy. The mothers were monolingual speakers of English and were primary caregivers. Mothers had a mean number of years in education of 16.6 years, ranging from 12-22 years. There were 22 primiparous and 23 multiparous mothers. Forty mothers were right-handed and five mothers were left-handed, as measured by the Bryden Handedness Questionnaire (Bryden, 1977) .
Thirty-one of the 45 mothers spontaneously cradled their infants (mean age = 6.5 months; range 3-12 months; 15 boys and 16 girls) either only to the right or only to the left. Of these 31 mothers, 13 cradled to the right only mean age 6.7 months; range 3-12 months; seven boys and six girls) and 18 cradled to the left only mean age 6.4 months; range 3-12 months; eight boys and 10 girls). An independent samples t test confirmed that the ages of infants cradled right or left were comparable, mean age of right cradled infants = 6.69 months (range 3-12 months), mean age of left cradled infants = 6.38 months (range 3-12 months), t (29) = .277; p = .783 (2-tailed).
Fourteen of the 45 mothers spontaneously cradled their infants (mean age = 8 months; range 3-12 months; eight boys and six girls) both to the right and to the left.
Procedure
The children and their mothers were video and audiotaped in their homes. A camera was placed facing mother and child approximately at 1 to 2 m distance. Child and maternal utterances were recorded with a directional microphone attached to a Sony camera. The mother picked up her child from the floor or a babychair and sat down. In order to relax mother and child, the mother was given a picture book to look at with her child, as a preliminary activity. After having looked at the book, the mother was handed a black and white striped toy zebra midline and asked to play with her infant as she normally would. The soft toy was chosen because it is a popular toy, which is appropriate for children of all ages within the range tested.
Data transcription
The episode began when mother and child first attended to the zebra. The episode ended when mother and child turned to another task and/or the mother talked about the child (e.g. 'you are tired') rather than the zebra. Maternal utterances were transcribed and maternal cradling side was coded. Cradling side was defined as leftward when the infant's head was placed to the left of the mother's midline and right if the infant's head was to the right of the mother's midline (cf. Bogren, 1984; De Chateau, Maki, & Nyberg, 1982) . Approximately 30% of the sample was viewed by an independent judge. There was 100% of agreement as to the cradling side coded by the first coder.
All utterances of 45 mothers cradling their infants while playing with the toy zebra were transcribed orthographically. Each utterance was identified as spoken while cradling right or while cradling left. Approximately 10% of the sample was viewed by an independent judge. There was 100% agreement as to the cradling side corresponding to the utterance.
Sentences that were candidates for acoustic analysis were free from excessive background noise or overlapping speech. Given that different sentence types in their canonical forms are spoken with different pitch contours (Bolinger, 1989; Cruttenden, 1986) , sentences selected for analysis were equated across cradling side by sentence type. However, sentence type was not analysed further. Sentences pertaining to the following categories were identified, 'wh' questions (e.g. 'what's this?'), 'yes/no' questions: (e.g. 'Can you see?'), 'tag' questions (e.g. 'He's nice, isn't he?'), imperatives (e.g. 'Look at this.') and declaratives ('This is a zebra.'). All utterances used in the analyses were coded by an independent judge and the experimenter. There was 100% agreement as to the type of utterance.
Acoustic measurements
All sentences selected for analysis were digitized using Signalyze. The pitch extraction algorithm reported fundamental frequency values (F 0 ) for each 5 msec of voiced speech. For each utterance, the following measures were obtained: minimum, maximum, and mean F 0 values, measured in Hz. The amplitude was measured by a pitch-synchronous energy calculation. Minimum, maximum and mean amplitude, measured in dB were given for each utterance. The length of each utterance was measured in seconds.
Results
Mothers cradling to one side entirely, either to the right or to the left
The play interaction for right cradlers lasted a mean of 57.7 sec (range: 7-137 sec). The play interaction for left cradlers lasted a mean of 66.4 sec (range: 24-158 sec). Forty utterances, which were free of excessive background noise or infant vocalizations, were analysed. They comprised 20 pairs of similar sentences (six pairs 'wh' questions, e.g. 'What's this?'; five pairs of 'yes/no' questions, e.g. 'Can you see?'; one pair of a 'tag' question, eg 'He's nice, isn't he?'; two pairs of imperatives, eg 'Look at this'; and six pairs of declaratives, 'This is a zebra.'). Some of the comparable utterances were spoken by the same mother. For these mothers the mean of the combined mean pitch was compared. Of the 13 right cradling mothers, 10 mothers spoke a similar sentence to one spoken by a mother cradling to the left. Of the 18 left cradling mothers, 12 spoke a similar sentence to one spoken by a right cradling mother. Hence the 40 sentences generated derived from 22 mothers.
Independent samples t tests were performed. The age of the infants whose mothers spoke comparable sentences were similar, mean age of right cradled infants = 6.3 months (range: 3-12 months), mean age of left cradled infants = 6.0 months (range: 3-12 months), t (20) = 0.22, p = .825 (2-tailed). Furthermore, the length of the utterances while cradling right and left was comparable, mean length right = 0.66 sec (range: 0.29-1.09 sec), mean length left = 0.74 sec (range: 0.38-1.20 sec), t(21) = 0.732, p = .472 (2-tailed).
Independent sample t tests on maternal mean fundamental frequency showed that mothers who cradled right in comparison to mothers who cradled left spoke with a higher mean pitch while playing with their infants, mean pitch right = 221.11 Hz (range: 180.1-289.8 Hz), mean pitch left = 171.33 Hz (range: 128.4-278.7 Hz), t (21) = 3.14, p = .004 (2-tailed), see Fig. 1 . Furthermore, mothers spoke with higher amplitude while cradling right compared to cradling left, mean amplitude right = 55.78 dB (range: 49.1-61.5 dB), mean amplitude left = 49.20 dB (range: 45.0-54.3 dB), t (21) = 4.10, p = .0005 (2-tailed).
Hence mothers cradling to the right in comparison with mothers cradling to the left spoke with higher pitch and amplitude. Hence the same mother cradling right and left spoke with a higher mean pitch and amplitude when cradling the infant on the right compared with cradling the infant on the left.
Mothers cradling to both sides, to the right and to the left
Discussion
Mothers, when cradling their infants on the right while playing with a toy, spoke with higher mean pitch compared to when they cradled their infants to the left. They also spoke with higher amplitude when cradling right compared with cradling left. Hence, mothers used different paralinguistic cues when cradling to the right as compared with cradling to the left. A number of studies have suggested that maternal emotional control might be related to the cradling side (e.g. Manning et al., 1997; Sieratzki & Woll, 1996; Weiland & Sperber, 1970) . This might explain why mothers, observed in the present study, which could be construed as both exciting or soothing, cradled to both the right and the left. Some mothers concentrated on the softness of the toy such as the mother of a 3-monthold baby describing the zebra as: 'a cuddly black and white zebra', or another mother encouraging the baby to touch the zebra with: 'Feel how soft he is.' Others concentrated on play actions such as one mother of a 3-month-old baby playing a hide and seek game saying: 'He's over here.' or another mother exclaiming: 'He's coming to get you!'.
These results indicate that leftward crading bias might be related to the emotional tone the mother encourages during play with the zebra, which might be because of her own or the baby's emotional state. For example, Nishida (1993) suggested that chimpanzee mothers are less likely to feel anxiety when cradling their infants to the left. Bogren (1984) found that the emotional state of the mother, in terms of concern about her pregnancy, differentiated between right and left cradling mothers. Mothers who were concerned about their pregnancy in comparison with mothers who did not worry unduly about their pregnancy, cradled to the right. Salk (1970) argued that maternal anxiety might influence cradling side. De Chateau et al. (1982) suggested that cradling side is indicative of mother-infant emotional interaction. Finally, Lucas et al. (1993) proposed that a child is more 'distracting' to his or her mother's attention when placed on the left side. Hence, the mother will attend more to the child when cradling to the left in comparison with cradling to the right. In accord with interpretations in the literature, mothers in the present study when cradling right or left were conveying a different emotional tone via the pitch of their voices.
In sum, the findings of the present study suggest that mothers might, consciously or unconsciously, vary the side they cradle their child depending on whether they try to arouse or soothe the infant. When cradling right compared to cradling left they speak with a higher pitch and their voice is louder. The difference in maternal pitch in right versus left holding positions might result in the infants showing the desired behaviour, either arousing the infant and engaging it in interaction or soothing the infant. Future research will examine whether this is the case.
